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Abstract: The poor management of aquatic ecosystems often results in environmental
degradation, which requires actions for its recovery. A field protocol was elaborated to
guide users (restorationists) to assess degraded areas and provide site and situation
specific interventionist actions. The protocol was developed following the plant or
animal taxonomy framework by Linnaeus, considering that the first character has two
mutually exclusive possibilities. It was elaborated in three parts: (i) a technical glossary,
(ii) a hierarchical key, and (iii) a set of intervention actions that are indicated according
to the case. Complementarily, ten degraded sites (lentic or lotic ecosystem), all located
in continental regions of the Brazilian territory were evaluated using this key. The
protocol was thought to be applied to continental and superficial water bodies. It starts
separating the lotic and lentic ecosystems, and after each part goes for specific ways,
all of them finishing in one or more interventionist action(s). The set of actions
presented is composed of fourteen scenarios, seven of them to be implemented on-
site, five to be implemented off-site, and two to be implemented on- and/or off-site. The
intervention actions range from simply monitoring, to re-vegetation of the riparian zone,
to activities that target the re-oxygenation of hypolimnion. The study cases exemplify
the use of the key and provide insight into the required adjustments for the
implementation of intervention actions. The protocol and guidelines presented here will
allow in a systematic manner, assess and compare the outcomes and efficiency of
river restoration projects, locally, regionally and internationally.
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Sorocaba, SP Brazil June 11th, 2018. 
 
Respected Editor in Chief of the 
International Journal of Environmental Sciences and Technology 
 
Ref. Paper JEST-D-16-02276R1 
 
 After receiving the reviewers and editorial remarks and recommendations, 
we began to work on the adjustments and improvements to the document. 
All parts of the manuscript were revised (the main document and also the 
supplementary file). We made corrections and improvements in all parts, including 
several extra grammatical corrections that were not pointed by the reviewers. To 
avoid confusion, the parts of the text that were red-painted in the second version 
were converted into black, and the parts were modified in this version (3rd version) 
were all red-painted, following the instructions of the editorial team. In the following 
pages, you will see the responses given to the reviewers’ comments. 
 We believe that the paper gained quality to be accepted for published in your 
prestigious journal. But, we are fully available to review it again if necessary. 
 We want to appreciate the efforts of the editorial team and the reviewers in 
elevating the quality of our paper. 
We would be very pleased if you would consider our manuscript for 
publication in this very prestigious journal. 
 I am looking forward to hearing responses from you regarding the analysis of 
the second version of the paper. 
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Initially, we desire to thank the interest, efforts, and patience of the reviewers 
(especially the R6), to accomplish the arduous mission of reviewing a paper that is in 
the 2nd version. 
 
Author Query Form 
Reviewers comments (Reviewer R3) Author(s) response 
 
(*) We must say that the two comments made by the reviewer R3 are the same 
comments made for the 1st version of the paper. Below are the responses provided for 
the comments and we say that in the 2nd version the parts were red-painted. If in the 
opinion of the reviewer and /or the editor the comments are not yet sufficiently 
answered or the improvements in the text are not sufficient yet, please let us know. 
Thank you. 
Reviewers comments (Reviewer R3) Author(s) response 
The manuscript covers an interesting and 
very relevant area of concern in today’s 
context. It is well written and well 
organized. The only major concern is that 
related policies, proposed by regulatory 
bodies worldwide, are already in place. 
How relevant, significant, and adaptable 
will the proposed guidelines and 
corresponding protocols be in the present 
scenario? 
Thank you for your eulogies. Our goal 
was to generate a paper as excellent as 
we could.  
Regarding the policies: we agree with the 
reviewer and we inserted some details 
along the text and in the supplementary 
file (glossary and key) so that permits the 
use of the key worldwide. Thank you. 
Regarding the relevance:  the guidelines are 
relevant due to feasibility and speed of 
manipulation (this is discussed in the 
paper). However, we also inserted 
additional information (especially related 
to the paper from McDonald et al (2016 – 
please, see the list of references) that 
support the relevance of the tool 
presented in the manuscript. 
Also, variations in protocols need to be 
emphasized upon keeping in mind the 
policy variations arising in response to 
different geographical areas. 
Yes. We agree, and in several parts of the 



















Reviewers comments (Reviewer R6). 
The comments were found in the yellow 
balloons spread out in the pdf file (most 
of the questions were in Portuguese, they 
were translated into English, and 
transcribed below). 
Author(s) response 
Abstract – What were the methods used 
in the study? 
Ok. We understand that some 
information about this topic was missing 
in the Abstract, and we complemented it. 
Abstract – could you point out how many 
examples are and cite such examples? 
Ok. Same response as above. 
Introduction (2nd paragraph) – a 
suggestion to replacing a word. 
Ok. Done. 
Introduction (2nd paragraph) – a 
suggestion of including a bibliographic 
reference. 
Ok. We searched and found the 
suggested reference and we inserted it in 
the text and in the list of references). 
Introduction (5th paragraph) – insert the 
preposition “of”. 
Ok. Done. However, the paragraph is 
entirely red-painted because we found 
inconsistences in the text and we rewrote 
parts of the text to improve it. 
Material and Methods (The intervention 
actions – 1st paragraph) – a restoration 
action for the benefit or favor the 
community of macroinvertebrates, 
periphyton, and fishes.  
Ok. We understand that the actions for 
improving the bottom of channels to 
provide suitable habitats for 
macroinvertebrates, periphyton and 
fishes are already presented (please, see 
actions AC1, AC2, AC5). For AC4 
(Dredging of sediment): following the 
comments of the reviewer, we added the 
word "selective", resulting in: "AC4: 


























Dear Author, In order the manuscript would be finalized for possible publication, the author (s) 
MUST check and apply (if not rendered yet) all the necessary items as below: 
 
- The author should apply the whole reviewers and editorial comments throughout the manuscript text 
in RED COLORED FONTS WITH NO UNDERLINE, AMENDED COMMENT AND TRACK CHANGES.   
 
- The reviewers' comments should be inserted into the Author Query Form to be accurately responded 
and attached separately. 
 
 





All the Journal Guides for authors' items must be applied throughout the manuscript text.  
 
1. You should have submitted your manuscript as blinded. That is, authors' names and 
affiliations should be removed from the manuscript. 
2. At this stage, the manuscript English language must not bear any error. Otherwise, it 
will not be processed further. 
3. The manuscript title should be defined as a short and precise topic for the manuscript, 
oriented to Environmental issues (Title should be written up to 17 words). 
4. Running title which is the short version of the main title shall be provided and 
included after the full title. 
5. The title of the manuscript shall not be obscure and meaningless. 
6. All abbreviations should be removed from the TITLE, RUNNING TITLE, 
ABSTRACT, and KEYWORDS. In return, they should be placed in the 
manuscript body and defined completely for the first time; afterward, only the 
abbreviated form can be applied throughout the text. 
7. The abstract shall be written briefly within 150-250 words. 
8. The abstract section should refer to the study findings, methodologies, discussion as 
well as a conclusion. 
9. The references should not be cited in the abstract section. 
10. Keywords should not repeat the words of the manuscript title and contain any 
abbreviation and shall be written in alphabetical order within 4-7 words separated by 
a semicolon. 
11. The literature review of the previous studies and the main objectives of the research 
carried out in the study shall be explained detailed in the INTRODUCTION section.  
12. Date and location of the research carried out throughout the study must be 
mentioned at the end of INTRODUCTION section. [IMPORTANT]  
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13. The whole manuscript shall be structured according to the IJEST style as Title; 
Running title; Abstract; Keywords; Introduction; Materials and Methods; 
Results and Discussion; Conclusion; Acknowledgements and References. 
14. The paper literature and tense should be written based on the passive 3rd person point 
of view, avoiding the "we" and "our" in the text. 
15. Financial support affiliation of the study, if exists, MUST be mentioned in the 
Acknowledgment section. Thereby, the Grant number of financial support must be 
included. 
16. All the references should be cited throughout the manuscript text as well as in the 
REFERENCES section as organized in accordance with Harvard system. Groups of 
references should be listed chronologically. 
17. Cited references throughout the text containing more than three or more authors 
should be as the First author followed by "et al.” not in italic form. 
18. The number of references extracted from each journal should not exceed 3 to 5 
citations. Including references more the mentioned quantity is not acceptable. 
19. The number of references in the original paper should not be less than 30.  
20. The number of references in the review paper should be around 90. 
21. It is substantially recommended to the authors to refer to more recent references 
rather than old and out of date ones. 
22. Volume, Issue, and pages of the whole references MUST be specified according to 
the IJEST format. 
23. Graphs and Tables must be in limited numbers not more than 10 collectively and they 
must be specified and referred throughout the text. 
24. Graphs/Charts must be provided in Excel format and separately uploaded in the 
same Excel format in the system. 
25. Figures/ photos should be originally in JPEG or TIFF format within 200-300 dpi 
resolution as they are attached separately. 
26. Tables should be the same as a manuscript in MS-Word 2003 format and also 
uploaded separately in the same Word format in the system.  
27. Captions should be placed above for Tables and below for Figures which shall be 
defined briefly not exceeding 1-2 lines.  
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Technical assessment and decision making for the environmental 
recovery of waterways and their banks: a science-based protocol 
 
Short Title: 
Technical tool for the environmental recovery of waterways and their 
banks 
 
Abstract The poor management of aquatic ecosystems often results in environmental 
degradation, which requires actions for its recovery. A field protocol was elaborated to 
guide users (restorationists) to assess degraded areas and provide site and situation 
specific interventionist actions. The protocol was developed following the plant or animal 
taxonomy framework by Linnaeus, considering that the first character has two mutually 
exclusive possibilities. It was elaborated in three parts: (i) a technical glossary, (ii) a 
hierarchical key, and (iii) a set of intervention actions that are indicated according to the 
case. Complementarily, ten degraded sites (lentic or lotic ecosystem), all located in 
continental regions of the Brazilian territory were evaluated using this key. The protocol 
was thought to be applied to continental and superficial water bodies. It starts separating 
the lotic and lentic ecosystems, and after each part goes for specific ways, all of them 
finishing in one or more interventionist action(s). The set of actions presented is 
composed of fourteen scenarios, seven of them to be implemented on-site, five to be 
implemented off-site, and two to be implemented on- and/or off-site. The intervention 
actions range from simply monitoring, to re-vegetation of the riparian zone, to activities 
that target the re-oxygenation of hypolimnion. The study cases exemplify the use of the 
key and provide insight into the required adjustments for the implementation of 
intervention actions. The protocol and guidelines presented here will allow in a 
systematic manner, assess and compare the outcomes and efficiency of river restoration 
projects, locally, regionally and internationally. 
 
Key-words Aquatic ecosystems reclamation; ecological restoration; ecosystems repair; river 
ecotechnology 







































































 Several ecosystem services, essential to the environmental and human wellbeing are 
dependent on healthy water resources. On the other hand, water resources globally are 
degraded by a multifaceted combination of stressors, resulting from a variety of drivers 
(Beechie et al. 2010). Problems of degradation in rivers and their adjacencies can be physical, 
chemical and/or biological, and the degradation process is usually linked to soil erosion, 
pollution, missing of riparian vegetation and excessive fishing (Le et al. 2014). These can 
occur at different intensities, because of both the nature of the degrading activity and the 
local environmental factors. 
For example, typical urbanization-induced intensifies in peak flow magnitudes may 
result in very different variations to flood frequencies in different regions, influencing on the 
frequency and magnitude of high-flow events. Others modifications are usually reported, as 
increasing in channel cross-section, diminution in fish and benthic macroinvertebrates, being 
that more urbanized streams showed more damaged biological assemblages (Booth et al., 
2015). On the other hand, the unplanned expansion of the agricultural also degrades the 
river, being the degradation of riparian vegetation results one of the major concerns, besides 
of contributing to the formation of extensive open areas, featured by grassy and herbaceous 
vegetation. A qualitative and quantitative change in the riparian forest affects the litter input 
to streams and thus modifies the structure of the whole biotic community (Afonso et al. 2000, 
Barrella and Smith 2000). 
Waterways degradation due to human activities on many occasions requires 
interventions. In general, the interventions are necessary in order to reach simultaneously 
three goals: 1 – stop the degradation process, 2 – accelerate the restoration process, and 3 – 
drive the restoration process (assisted restoration), aiming to reestablish the ecological 
interactions that are vital to maintaining the ecosystem integrity of a watershed (Palmer et al. 
2014). Restoring and/or revitalizing rivers or stretches of rivers and streams is a difficult task 
(Palmer et al. 2014, Walsch et al. 2016). A successful restoration project will depend on an 
adequate evaluation of the site to be restored (Cooke et al. 2016). 
Progress towards more sustainable manners of water management is hampered by a 
lack of quantitative, transparent tools to simplify critical decision making (Poff et al. 2015). 
Establishing criteria to recover the ecological properties of water resources would be helpful 





































































development of appropriate management plans, and consequently, result in the degradation 
of many rivers (Le et al. 2014). 
 
Projects of river restoration are conducted normally through ad hoc methods 
(Bernhardt et al. 2005). Especially in the last twenty years, some devices and/or protocols 
have been created to facilitate the task of identifying the elements considered essential, 
ranking them, and also guiding decision-makers, technicians, and researchers to execute 
more efficiently the restoration project (Arthington 2015, Paillex et al. 2017). However, some 
methods are very complex and require a comprehensive database, or are limited to a specific 
type of ecosystem (only rural, or only urban, for example). 
A comprehensive protocol that establishes a hierarchical approach to examining the 
degradation processes in the waterway and their banks, taking into account the causes, 
intensity, and historic conditions, is still missing. Such a tool could be valuable for decision 
making by government institutions (such as environmental agencies) and for other academic 
and public organizations, such as river-related technicians and for recreational purposes 
(Lange et al. 2015). 
Here the facts are being considered: (1) waterway ecosystems are governed by 
hierarchical spatial arrangements that include catchments, floodplains, reaches, aquatic 
ecosystem’s, and others (Beechie et al. 2010, Paillex et al. 2017), (2) the dynamics of aquatic 
ecosystems are governed not only by internal structural or functional elements of a water 
body, but also by an array of external elements that constitute the riverine landscape (Ward 
et al. 2002, Booth et al., 2015), and (3) there is no device like these and, on the other hand, 
such two devices described do not contemplate aquatic systems, because they were both 
elaborated to be used in projects of forest restoration. 
Thus, in this project, a technological device was elaborated to be used in field works 
to assist the diagnostic of degraded water bodies and provide alternatives for restoring the 
stretch of the river according to the situation of degradation of the local. Complementarily, 
results of ten study cases developed to test and calibrate the key are also presented. 
 
Materials and Methods 
 
The waterway environmental assessment protocol was divided into three segments: a 





































































a second segment composed of a key to guide the assessment of waterway environments for 
the identification of restoration actions, and a third and final segment structured of a set of 




To avoid misunderstandings during the application of the waterway assessment key, 
a brief glossary was elaborated. While the glossary is not a comprehensive dictionary of 
terms, it does provide clarify during the interpretation of ambiguous concepts during 
assessments. Definitions were provided for forty one waterways concepts. The meaning of 
each technical term was obtained from laws, decrees, environmental agencies, academic 
papers and scientific organizations. 
 
Criteria for the elaboration of the key 
The waterways assessment protocol key was developed following the plant or animal 
taxonomy framework by the Swedish naturalist Carolus Linnaeus in the 18th century. The 
strategy for structuring the key considered, at most times, that the first characteristic has two 
mutually exclusive possibilities. The following steps considered might be another diagnostic 
item of or a potential restoration action. In some cases, the key could offer three options, 
which are also mutually exclusive. It was considered the broader features of the water 
resource setting, in a manner equivalent to the kingdom level in a traditional biological 
taxonomy key. According to the response provided by the user, the key takes you to the 
following classification step, which is more specific than the previous, and so on.  
An important aspect to point out is that the key was elaborated to be applied to 
superficial and continental water resources. Given the variety of influencing factors and their 
levels of intensity at different points within the waterway, several analyses within a river 
channel were conducted. This was made by dividing the channel into stretches of 50 meters. 
Moreover, the application of the waterway assessment key predominantly required visual 
observations that were conducted in order to avoid the use of complex and sometimes 








































































The intervention actions 
The intervention actions proposed were meant to improve the river’s ecological 
condition, leading the ecosystem to a condition more self-sustaining and resilient (Palmer et 
al. 2014, Paillex et al. 2017). Such actions were elaborated taking into account that desirable 
ecological standards river environments should provide the seven major ecosystem services: 
(i) supply nutrients for plants, (ii) supply foods for local animals species, (iii) improve the 
physical and chemical quality of water, (iv) regulate local climate, (v) provide suitable local 
recreation, (vi) waste processing, and (vii) provide local landscape harmony and aesthetics 
(Esteves 2011). 
Reaching the mentioned ecosystem services in a simultaneous and satisfactorily 
manner may be difficult in some cases (for instance in urban rivers). On the other hand, it is 
understood that such services are possible when the ecosystems components interact in a 
balance and integrated manner. Thus the key was developed in order to permit the user 
developing clear, achievable, and measurable goals for the intervention. The proposals were 
formulated in order to assist the user to use local species (when biological interventions are 
suggested) in order to favor the conservation or restoration of the local biodiversity. 
 
Using the key – study cases 
In order to calibrate the key and present the potential outputs of implementation 
activities, ten evaluations in eight sites were conducted. Such sites were previously chosen in 
order to have distinct environmental conditions (characteristics of the relief, land use, land 
cover, level of degradation). 
For each one of the locations used as a case study, the location was reported, as well 
as the assessment following the key, and the recommendation of actions also following the 
criteria of the key. Along with the key, ground photos of the site were suggested as a way to 
enhance the registers and development of the restoration project, such as to register the level 
of degradation, progress, hydrologic situation (flood or drought), and other features of 
interest (Palmer et al. 2014). Hence, ground photos were taken in each study site and the user 











































































The technical concepts 
 The Glossary was composed of forty one terms alphabetically arranged (see 
Appendix I), some of them were water quality related, while others were associated with 
land cover, or related to restoration actions. Furthermore, it was noted that while some terms 
are common and easily defined in various sources, other terms or concepts, are made up of 
two, three or more words, being composite terms. Such composite terms tend to be more 
specific and scant in the popular literature. In addition, the explanation of some terms was 
also graphically illustrated. 
 
The key 
 The key could be presented as a flowchart or text (Silva 2015). Here, it is presented as 
a text (see Appendix II). It was observed that use of the key is more appropriated for 
stretches up 50 meters long, since that for larger areas the hydrologic, geomorphologic and 
ecological features of the stream or river might change considerably. Therefore the necessary 
restoration activities will probably not be the same. 
For restoration actions of waterways longer than 50 meters, which is a very common 
situation in many projects (Morandi et al. 2014, Cookie et al. 2016), it was noted that dividing 
the perimeter into stretches of up 50 meters long could achieve the results more accurately. 
Given that the evaluation of the waterway through the key is visual, if the stretch is sinuous, 
it was perceived that the analysis might be especially difficult for stretches longer than 50 
meters. For lentic ecosystems (lakes, dams, reservoirs or similar), the same approach is 
recommended. 
In lotic ecosystems, when the stretch to be analyzed is located in the middle or lower 
regions of the watershed, and there is siltation problem, we suggested considering a 
complementary analysis of the environmental features at the upper portion of the watershed 
that may be causing the problems. For example, features such as total catchment area, relief, 
the number of headwaters and location of each one, and land cover, may be having 
degradation problems on their own. It is common for projects that aim to restore rivers to fail 
since the environmental features at the upper region of the watershed were not assessed 





































































 It was also suggested the use of the key preferably on headwater streams (First 
through third order streams considering Strahler’s system of classification). The hierarchical 
ranking can be measured by using a map that depicts the river network (scale 1:50,000 or 
more detailed) and considering the Strahler’s system of classification for ranking streams 
(Britney 2015). We though that if interventionist actions were effectively and correctly 
implemented in the headwater streams, the waterways of higher ranking (4th or superior), 
consequently will be benefited in ecological terms. 
 
The interventionist actions 
 The fourteen applicable actions (henceforward AC) are presented in Part II of 
Appendix I. They were coded as AC1, AC2 and so on. The set is constituted by actions 
elaborated to be implemented at local scale. From the total, seven options of actions were 
selected to solve in-site degradation problems (AC4, AC6, AC10 through AC14). Five options 
(AC2, AC5, AC7, AC8, and AC9) were chosen to solve off-site problems, and two actions 
(AC1 and AC3) might be applied to solve both in- and off-site problems. 
 It was mentioned the ACs on 43 occasions along the key. The most common action 
was AC3, which was mentioned on ten occasions (Fig. 1). Although the AC3 is not exactly an 
interventionist action, the monitoring is one of the most common environmental policies 
devoted to restore water streams and maintain the quality (Wohl et al. 2015). This is because 
a catchment and its respective river network is a continuous and dynamic system, both in 
natural (climatic, ecological) and human (land cover, land use, and water resources use) 
terms, both monitoring and punctual adjustments constitute a set of essential activities. 
In lotic systems, the AC2 (Increment of the native forest vegetation by means of 
planting of seeds or saplings, or use of nucleation technique) occurred the same number 
occasions as AC3. In fact, even being an off-site action, the re-establishment of riparian 
vegetation is one of the most common restoration activities requested regardless of the 
region of the world (Moore and Richardson 2003). The riparian vegetation influences the 
health and equilibrium of waterways, because of its regulating effect on the river attributes 
such as: physical (temperature, light filtration), chemical (filtration of nutrients and 
pollutants, providing detritus), hydro-geomorphologic (regulation of floods, minimize 
riverbank erosion, reduces its sediment carrying capacity) (Moore and Richardson 2003). 
Moreover, the diversity of aquatic ecosystem in low hierarchical order rivers (or headwater 





































































geomorphology and gives a major supply of fish cover (Cowx and Welcomme 1998). This 
stresses the importance of the riparian vegetation, especially for small-sized streams. 
The AC4 (dredging of silted sediment) was cited twice. It is a technique mostly used 
to meet economic and/or social demands (Esteves 2011). However, it is costly, and usually, 
its application generates some adverse disturbances, including large volumes of detritus 
(Barbosa and Almeida 2001), with a large part of the total cost related to management and 
disposal of the material (sediment) removed from the waterway (Mohan et al. 2016). This 
technique has potential to be more suitable for large rivers and/or shoreline regions. 
Alternatively, especially for small creeks and streams, the use of some techniques of 
bioengineering, as the creation of wetland systems in appropriate places, might return more 
interesting results. This means more of an ecological, adaptive use than a physical 
manipulation for altering the ecosystem (Palmer et al. 2014). 
It was not considered actions that involve the reintroduction of wild animals in the 
CAs since that during the development of the restoration activities, the habitat (terrestrial or 
aquatic) is being modified and so, it may not be favored by wildlife. For riparian terrestrial 
species, once the natural adjacent vegetation is reestablished, the native wildlife tends to 
reappear. Hence, it was recommended using nucleation techniques (Corbin and Holl 2012) 
rather than re-introducing specimens of animals. 
 
The study cases 
 Through the field visits and following the criteria established for the key, we 
surveyed information regarding the waterways sites and their immediate surroundings. The 
case study tables contain the following information: description of the environment, the aim 
of the interventions, using the key, main actions recommended, and photographic 
documentation. 
Exemplifying, for the study cases 1A and 1B two stretches of 50 meters length each 
were chosen (see Table 1 and Appendix III). Is was observed local waterways with slow 
flowing and with degraded or missing riparian vegetation. By applying the key to these 
sites, two of them resulted in step 5b (cases 7 and 8), while other two (cases 1b and 3) in the 
step 15a. 
In general, twenty three ACs of eight different categories were cited across the ten 
study cases. The predominant action recommended was AC5 (Artificial Protection of 





































































the floodplain region. Thus, the AC2 (Increment of the native forest vegetation by means of 
planting of seeds or saplings, or use of nucleation technique) is an activity ranked in second 




 The costs of implementation for each CA can differ greatly given the complexity of 
the action and according to the intensity of the problem. For instance, removing of solid 
waste might be inexpensive or very costly, it will depend on many other things, access, 
technology to be used, the cost of labor. There are multiple socioeconomic, environmental, 
and logistical factors that affect the cost of restoration interventions (Paillex et al. 2017).  
In many cases, there are reasons to restore a waterway as quickly as possible, but 
there are other situations where immediate action is not required, allowing for passive 
restoration elements to be implemented. Hence, understanding the level of urgency for 
implementing restoration action, it is important to keep in mind when engaging in activities. 
 Some CAs can be implemented by governmental institutions in projects and others 
might be implemented jointly with the local population. For some CAs achievements can be 
obtained almost immediately, while for other the outcomes might take a long time to be 
evidence. It is expected that several crucial problems are solved in order to provide 
ecological conditions of a self-reestablishment of the local ecological conditions (NRC 1992). 
 The use of the key in large rivers should be careful or even avoided. Projects aiming 
to restore rivers of small or medium size are common across the world. However, restoring 
large water bodies is a very difficult task, since large water bodies have large catchment 
areas (river basin) and restoration projects of large river might be overruled if headwater 
rivers are not restored and/or if the upstream land cover is mismanaged in order to improve 
the runoff’s quality (Lorenz and Feld 2013, Angrill et al. 2017). 
 Specifically for interventionist action AC3: “Environmental monitoring and 
occasional, punctual adaptation”, we suggest the adoption of this technique when the place 
to be restored (or after some early intervention) is a degraded system that appears to have 
the capacity to continue its trajectory unaided, being similar to principle “do nothing”, 
meaning no intervention (Cookie et al. 2016). However, monitoring activities are always 





































































Hence, evaluating the effects of river restoration projects is important for adaptive 
management, evaluating project efficiency, for optimizing future programs, and for gaining 
public reliability and acceptance (Woolsey et al. 2007, Poff et al. 2015). After implementation, 
some kind of project evaluation is crucial in order to produce a critical analysis of the activity 
and for future planning and replication (Bernhardt et al. 2005). The key here presented does 
not provide a method to evaluate the suggested restoration actions to be implemented. One 
way to address this is to take systematic photos during pre-established periods throughout 
the assessment and implementation phases (for example, quarterly or half yearly) from the 
restoration site using a fixed photopoint (McDonald et al. 2016). 
Photographic records can help observe the impact of the restoration activity overtime. 
For larger sites, aerial photography might also provide favorable before and after imagery 
(McDonald et al. 2016). For example, the re-establishment of natural vegetation might be 
easily assessed by means of systematic and chronological photos, as well as by the presence 
of solid wastes on waterways and/or in the riparian zone. In a complementary manner and 
depending on the site, interviews and questionnaires can provide evidence of a project’s 
success by the level of satisfaction of people, or through documenting the number of visitors 
to a location for recreational or commercial purposes (Woolsey et al. 2007). Another 
evaluation approach could be to carry out the same monitoring method in a pristine area in 
order to compare the performance of the place in terms of its recovery. Monitoring methods 
could also involve the collection of samples for chemical analysis to quantify changes using a 
particular biophysical indicator(s). 
 Although it may be obvious, it is important to reinstate to consider indigenous 
species in environmental restoration projects. It may not be possible in all cases due to the 
need for species with particular attributes (i.e. bioremediation, increase water 
evapotranspiration, etc.), but the implementation of natives tend to increase the probability 
of success of a project (Poff et al. 2015). Native species (microorganisms, plants, and animals), 
are genetically conditioned to withstand local climatic extreme events (sunlight exposure, 
temperature variations, drought periods, flooding events, resistance against local pests, etc.), 
and be part of the local ecological food web. Furthermore, when promoting natural habitat 
for indigenous species the user is meeting an important goal in environmental restoration, 
that is, re-establishing the local terrestrial and aquatic biodiversity, and usually 










































































Waterways degradation due to human or natural drivers have to lead to an increased 
demand for interventionist efforts aiming river restoration and diagnosis works are 
conducted in a poorly systematized way. Through this paper, a protocol is here presented. It 
was developed as a key in order to support the systematized assessment of the river-related 
environmental problems. 
The key was initially thought considering scientifically-based concepts to be easily 
applied and it was elaborated considering a hierarchical order of environmental 
characteristics, starting from the generic characteristics and going to more specific features. 
After the diagnostic, the user is oriented to use some interventionists actions that will help 
the local ecosystem improve the ecological features and achieve a status of resilience. 
In the ten study cases conducted to test the key and to illustrate the use, it was 
concluded that the employment of the key helped us quickly evaluate the locals, and decide 
about the interventionist actions. Some of the investigated places presented similar levels 
and modalities of degradation. As consequence, the key indicated similar actions for such 
locals. 
After the tests showed here as study cases, it was demonstrated that this tool has 
good potential to be successfully used worldwide. It can be transformed into an App or 
software and broadly disseminated towards the improvement of the environmental quality. 
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Table 1 Location of the sites considered in the study cases 
 
Fig. 1 Amount of each category of action. For the meaning of each category of action 







































































Table 1 Location of the sites considered in the study cases 








It is a bridge that crosses the river located in 
Araraquara Municipality, Sao Paulo State. The 
catchment area is 84km2 and embraces approximately 
45% of the whole area of the Municipality. The main 





This stream is localized in the Bauru Municipality, the 
central region of the São Paulo State (Brazil). The land 
use of the catchment area of this river is constituted 
mainly by human settlement poorly established in 




This is the main superficial water curse of the Bauru 
municipality, highly polluted due to the dumping of 




Chave’s Waterfall – sited in the urbanized region of 




It is a bridge that crosses the Municipal Freeway of the 









Ipanema Stream – located on a highway and within 





Lake sited in a small, rural, private property in 
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